Multiple-Input Multiple-Output (MIMO) technology is widely applied in terrestrial wireless communication system, which greatly increases the system capacity. Satellite communication system has many advantages such as wide coverage and strong flexibility. Therefore, how to make a better use of MIMO technology in satellite communication system has become a research hotspot in recent years. The purpose of this paper is to analysis the relationship between satellite MIMO system capacity and parameters of terrestrial antenna such as angle and distance. The parameters of terrestrial antenna were derived and calculated to keep a higher capacity for satellite MIMO system. Numerical analysis of system capacity performance before and after optimization was obtained, which proved the correctness of the theory proposed in this paper.
System Model
Satellite system can be divided into GEO system and non-GEO system. Because the GEO system is relatively geostationary, MIMO system using GEO is more stable. The existing GEO systems are Inmarsat system and Thuraya system, but they both only have three satellites. The beam overlap area is not large enough since the number of satellites is too small. Thus, it is impossible to achieve MIMO system using multiple GEO satellites in most areas on the ground.
The orbit altitude of LEO satellite system is 700 to 1500 km, moving at a high speed relatively to the earth. Globalstar system and Iridium system are major existing LEO satellite communication systems until now, which respectively have 48 and 66 LEO satellites completing global coverage. The existing LEO satellites are abundant resources, and users can simultaneously connect multiple satellites in most areas of the Earth. Thus, there are enough LEO satellites to build MIMO system.
As shown in Figure 1 , we consider a complete closed-loop scenario. The whole satellite MIMO system contains three components as follows.
Terrestrial transmitting terminal: The transmitter is generally a terrestrial station. It is mainly responsible for controlling, scheduling, and connecting the ground network and the user terminal in the entire communication process.
Communication satellite: Generally, there are two or more satellites, playing a role as relaying and forwarding in the whole communication system. The signal transmitted by the ground station is delivered to the user terminal through transparent forwarding or decode-and-forwarding.
User terminal: It could be hand-held mobile terminals, or terminals on-board, ship-borne and air-borne moving at a high speed, or even another fixed ground station. General system includes two links: The uplink is from ground station to the satellite system and downlink is from satellite system to the user terminal. Maybe there also exist inter-satellite links among the satellites to assist communication.
In Figure 1 , S n is the number of antenna of the ground transmitter, R n is the number of antennas of the relay satellite and D n is the number of antenna of the receiver on the ground. In general, D R S n n n ≥ ≥ .
Capacity Analysis and Optimization

Capacity Analysis
In satellite communication systems, the satellite channel is significantly different from the terrestrial channel, because the power of its direct path is much greater than that of the multipath. For example, according to the data from ITU-R M.1225 [6] , the power of direct path is about 20 dB greater than the maximum multipath. In fact, because the signal energy in NLOS channel signal is too small, the multipath signal has little effect on the capacity of the system compared with the existence of direct path [7] . Therefore, in this paper we only consider the influence of direct path.
In consideration of the free space propagation of the direct path through satellite-ground channel, the channel function can be expressed as [8] ( ) ( )
where r denotes the distance between the transmitter and the receiver, ( ) a f denotes the signal amplitude attenuation when passing through the channel. Thus for 2*2 MIMO the capacity can be represented as ( )
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where ρ denotes the system SNR removing the channel fading part. The 
We establish an unified coordinate system to analyse and calculate the difference between ij r . It is shown in Figure 2 and Figure 3 .
As shown in Figure 2 , we define the equatorial plane as XOY plane, the polar direction as Z-axis. Besides, OX axis intersects 0 degrees' east longitude and OY axis intersects 90 degrees' east longitude. The two red circles in Figure 
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Because the coordinates of two satellites are not necessarily related, we analyze a single satellite coordinates respectively. Satellite coordinate is shown in Figure  3 .
The dotted line circle in Figure 3 Figure 4 is a schematic diagram of the GEO satellite MIMO coordinate. It is necessary to discuss the optimization of distance and angle between antennas, so that we can always keep the system capacity in the optimal value.
Parameter Optimization of GEO System
First, put Formula (3) into Formula (2). Capacity can be expressed as ( where ( ) 
In order to maximize C, the following expression should be guaranteed 
In the GEO system, the satellite is fixed relatively to earth, and the rotation of the earth Put Formula (12) into Formula (4), we obtain ( ) 
Put Formula (12) into Formula (5), we obtain ( ) 
Put Formulas (14) and (18) 
It can be seen that the optimal value of the terrestrial antenna is periodic variation. In the same way, let
Put Formula (20) and (21) 
Parameter Optimization of LEO System
In the LEO satellite system, there exists an angle between the satellite orbit plane and the equatorial plane, in addition, the angular velocity of satellites and the earth is different, so 
Make use of Formulas (4) and (7). After simplification, we obtain ( )
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Then by exploiting the small aqueous formula ( ) 
When place angle R δ is fixed, the optimal value of R d is
In this formula, it is obvious that the optimum value of ground antennas changes periodically. Similarly, let ( ) ( )
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Numerical Analysis Results
Through the analysis above, it can be seen that optimum channel capacity of GEO and LEO satellite MIMO system is related to R d and R δ . Then numerical analysis is carried out to prove the correctness of the theory proposed in chapter III. Here we set LEO satellite system as an example of numerical calculation. For GEO satellite, results can be used in the same way. In order to calculate LEO satellite MIMO system through numerical analysis, orbit parameters of Globalstar system and Iridium system are needed. We also need to determine the system SNR ρ besides of the orbit parameters of the two systems. SNR depends on satellite transmission power T P , satellite antenna gain T G , terrestrial antenna gain R G and received noise R N of terrestrial antennas. These parameters are summarized in Table 1 .
System capacity of satellite MIMO system is closely related to the arrangement of ground antennas. The system capacity can be maintained at a optimal value by using tracking antenna chrtrolling R d and R δ . Figure 5 and Figure 6 show the performance of the tracking antenna using Formula (25). It can be seen that the system capacity of tracking antennas is significantly improved compared with the fixed antennas in both systems. The tracking antenna makes the system maintain a high and relatively fixed system capacity. From Figure 5 and Figure 6 , we can see the different capacity performance when the antenna spacing R d is 0.2 m and 2 m, when the antenna distance increases, we can find that the system capacity of the fixed antenna becomes more unstable with big fluctuation. It shows that tracking antenna is more significant for large-scale antenna system with larger antenna spacing.
Conclusion
In this paper, we have analyzed the relationship between the capacity performance of satellite MIMO system and placement parameters of terrestrial antennas such the angle and distance. The numerical calculation verifies the possibility to optimize the parameters. Later, through formula derivation we obtain the time variation function of the optimal placement angle and distance of the ground antenna. Finally, numerical analysis is carried out according to the initial position of satellite in the practical system. The results demonstrate that the system capacity can be significantly improved when the antenna is traced using the theoretical analysis results.
